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THE THEORY OF PHASE CONTRAST MICROSCOPY 


In this catalog you will find a rather complete explanation of the Phase 
Contrast Method. While a clear conception of this principle is unnecessary 
for the successful use of the phase accessories, yet the inquiring mind seeks 
at least a working knowledge of this modern technique. 


For those who do not care to go deeply into the scientific explanation 
there is included a highly condensed definition. 
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Including Demonstrations of Comparative Results 

of Bright Field and B&L Phase Contrast Techniques 
pease, ea 

A ee om? = PHASE CONTRAST A full use of Phase Contrast Accessories amply justifies their initial cost. 

ye : Broadly separating themselves into the general classifications of biology, 

chemistry, mineralogy and counting, applications of this comparatively 

aa Bical ae " TON : j new technique are particularly noteworthy in the examination of living 

SIEUNTI DIST Ivich BMRaee Baen cells. 

we ; In the following pages are given many examples of practical applications, 

which, in turn, will suggest many, many more. 


PRACTICAL APPLICATIONS OF PHASE CONTRAST 


BRIGHT FIELD 


The Principle of Phase Contrast 


Lae. transparent microscope specimens under standard bright 
field illumination are generally totally lacking in contrast. In order 
to bring about contrast so that structural detail may be recognized and 
studied, a tedious process of preparation has been necessary, often 
resulting in actual physical distortion of the specimen. The phase con- 
trast method of microscopy overcomes this difficulty. It permits the 
examination of freshly prepared, or living, unstained material. 


Resolving Power 
of the Microscope 


In describing phase contrast micro- 
scopy, it is necessary to review, briefly, 
the theory of image formation in the 
microscope itself. The microscope is 
essentially a magnifier, and as such, its 
general function is to make visible 
detail which is too small for the un- 
aided eye to see. Magnifying power, 
however, is not the most important 
characteristic if the observer is to see 
detail. More important than magnify- 
ing power is resolving power, which is 
dependent upon the numerical aper- 
ture of the microscope objective. 


Difficulties With 
Transparent Materials 


Granted sufficient resolving power, 
considerable difficulty is encountered 
in the use of conventional microscopy 
for the examination of fine detail in 
transparent material. This problem 
commonly occurs in the examination 
of many living cells, tissue, and small 
living organisms which are usually 
transparent and are mounted in trans- 
parent media of almost identical optical 
properties. The solution of this prob- 
lem, up to now, has been commonly 
reached by one of three methods. 
Stained material may be examined by 
bright field. Unstained materials may 
be examined by either or both dark 
field and polarized light. These methods, 
however, have their limitations. Stain- 
ing techniques oftentimes distort the 
specimen; darkfield sometimes exag- 
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gerates the contrast of the specimen 
and the background so that the grada- 
tions possessed by the specimen struc- 
ture are not shown in their proper pro- 
portions. Surface layers, rather than 
internal details, are generally revealed. 
Polarized light is restricted to aniso- 
tropic material. 


Phase Contrast, 
The Answer 


It might be generally said that the 
microscopist desires to study material 
in as near as possible to its natural 
state. A new method of illumination, 
incorporating the principles of phase 
contrast microscopy, first successfully 
demonstrated by F. Zernike in 1935, 
overcomes these difficulties, and is at 
least a large step toward the ultimate 
goal. Microscope image formation de- 
pends on the physical phenomenon of 
diffraction. When light falls upon an 
object having fine structure, the char- 
acteristic change brought about may be 
described as a breaking up of the beam 
into discrete bundles of rays diverging 
from the object detail over a wide 
angle. Diffraction thus occurs at the 
object plane, and the objective lens 
receives not only the direct light 
through the specimen but all other 
diffracted orders of light falling within 
the angular limits of the. objective 
aperture. If the source is one pro- 
viding parallel light, all such bundles 
entering the objective are imaged at its 
rear focal plane where they may be 
observed as a series of maxima and 
minima diffraction spectra images. In 
this plane, these images act as second- 
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Image Formation —Phase Contrast 


An annular aperture in the diaphgram, 
placed in the focal plane of the substage con- 
denser, controls the illumination on the object. 
The aperture is imaged by the condenser and 
objective at the rear focal plane, or exit 
pupil, of the objective. In this plane a phase 
shifting element, or phase plate, is placed. 


Light, shown by the solid lines and un- 
deviated by the object structure, in passing 
through the phase altering pattern, acquires 
@ one quarter wave length of green light 
advance over that diffracted by the object 
structure (broken lines) and passing through 
that region of the phase plate not covered by 
the altering pattern. The resultant inter- 
ference effects of the two portions of light 
form the final image. Altered phase relations 
in the illuminating rays, induced by other- 
wise invisible elements in the specimen, are 
translated into brightness differences by the 
phase altering plate. 


(The eyepiece is not shown in this diagram.) 
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ary sources, and send out their own 
cones of light. Since these images have 
related phases in this plane, their effect 
in any other plane may be influenced, 
controlled, and measured through ob- 
servable effects. Hence, since all of the 
light emanates from the same original 
source, the related spectra become 
visible through their interference effects 
wherever they overlap. 

It is at this point, in the final image 
plane, that conditions of structure and 
phase, as they exist in the original 
specimen, are reproduced. If a change 
is introduced in the relative phases of 
the spectra appearing at the rear focal 
plane of the objective, the intensity in 
the final image will vary. Evidence of 
structure detail will be revealed as a 
consequence. In the rear focal plane 
of the objective, a phase difference is 
introduced in the phase contrast meth- 
od of microscopy. In this manner, it is 
possible to suppress, intensify, and 
even reverse the contrast in the final 
image, depending upon the nature of 
the phase shift introduced. 


Phase 
Altering Annuli 


Phase altering patterns, commonly 
referred to as “phase plates,” are ex- 
pedients designed to effect a change in 
an optical path, or phase relation, be- 
tween that part of the light entering the 
objective directly through the object 
structure, and that part which is dif- 
fracted by the structure and also enters 
the objective. Such phase altering pat- 
terns are made by the deposition of 
films of predetermined thicknesses by 
high vacuum thermal evaporation proc- 
esses. These films may be applied to 
separate glass discs mounted in the 
objective, or applied directly to a lens 
surface, depending upon the objective 
design. Patterns, which have been 
found to be most practical and effec- 
tive, are those of the annular type, 
which introduce a phase shift of one- 
quarter of a wavelength of green light. 

An annular aperture diaphragm is 
necessary for all types of annular phase 
altering patterns. It-is placed at the 


In Brief... 


refractive index. 


On these pages is a detailed explanation of the principle of phase con- 
trast. To readers interested in the mechanics of this technique it will 
prove very illuminating. For others, primarily concerned with the end 
result, a condensed explanation is more in order. 

Phase Contrast Microscopy is, essentially, a special method of con- 
trolled illumination, ideally suited for observing thin, transparent 
objects whose structural details vary only slightly in thickness and 


These slight variations are not sufficient in themselves to be visible 
in the bright field microscope. They do, however, affect light passing 
through the specimen, causing slight irregularities in the wave 
fronts. Minor changes in the phase relation of the wave fronts result. 
Phase contrast equipment transforms these phase changes into cor- 
responding variations of brightness, so that the structure is visible 
under conditions of enhanced contrast. 


front focal plane of the substage con- 
denser and, when illuminated, becomes 
an effective source at infinity with 
respect to the object plane. Such an 
annular source illuminates the object 
with a hollow cone of light, and con- 
trols the obliquity of the light travers- 
ing the medium. 

The shape of the illuminating aper- 
ture is important in the formation of 
diffraction images, since such images 
actually determine the nature of the 
final image through their interference 
effects, and are images not of the 
specimen itself, but of the illuminating 
aperture as influenced by the specimen 
structure. 

For the most critical conditions of 
illumination, light is focused on the 
substage condenser annular diaphragm, 
using the principles of Kohler illumi- 
nation, to fill it uniformly with light. 
The real image of the diaphragm is then 
reproduced through the condenser, 
object, and objective, at the rear focal 
plane of the objective. 

This, then, satisfies the condition 
that the object may be considered to 
be illuminated by a number of point 
sources located at infinity. Also, at the 
rear focal plane are imaged the diffrac- 
tion spectra produced by the object 
structure. 
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Formation of 
Phase Difference 


The phase altering annulus is placed 
in the rear focal plane of the objective 
and its size is such that it coincides 
with the image of the substage annulus. 
When the two annuli are exactly con- 
centric and superimposed, direct trans- 
mitted light will pass through the 
annular region and will differ in phase 
by one-quarter of a wave length from 
the light diffracted by the object and 
entering the objective. This light dif- 
fracted by the object passes through 
the remaining aperture area, which is 
not covered by the annulus, 

Since the effect of the shift may be 
either to accelerate or retard the phase 
relation of the directly transmitted 
light, with respect to the diffracted 
portion, either positive or negative 
contrast may result. If the film thick- 
ness contributing to the phase shift is 
such that the directly transmitted light 
passing through the phase altering 
element is effectively accelerated over 
the diffracted light by one-quarter of a 
wavelength of light, the resulting con- 
trast is referred to as “positive” or 
“dark” contrast, and the phase altering 
element is said to be “accelerating.” 

Positive contrast shows regions of 
greater optical path in the specimen to 
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PHOTOMICROGRAPHS 
With B&L Phase Contrast Accessories 


a SPIROCHETES OF VINCENT'S ANGINA 
Motile, living spirochetes in saliva. Original 
magnification, 970 a 
BACTERIA CULTURE 
Bacillus infection from beer. Original magnifica- 
tion, 970. 
3 MOLD IN TOMATO PASTE 
The cytoplasm of mold hyphae when filled with 
anules appears very dark under phase contrast. 
riginal magnification, 300 X. 
4 PROSTATE GLAND, HUMAN 
This phase contrast photomicrograph shows one 
alveolus with concretion in the center. Original 
magnification, 300 X. 


5-6 TRACHEA, RAT 

Showing hyaline cartilage and ciliated epithelia 
of the mucous membrane. Original magnification, 
300X. 
7 ONION SKIN 

Phase contrast affords a means of examining 
the nuclei. Original magnification, 210 x. 
8 BACTERIA, MEGATHERIUM 

‘These living bacteria under phase contrast show 
detail as plainly as stained specimens under bright 
field. Original magnification, 970 x. 


The Principle of 
Phase Contrast—Cont. 


be darker than surrounding areas. This 
type of contrast has been found to be 
preferred because of its general simi- 
larity to the regular bright field image, 
with the added benefit of greatly en- 
hanced contrast and graded variations. 
“Negative” or “bright”? contrast is 
produced by a retardation of the un- 
diffracted light with respect to the 
diffracted light, and regions of greater 
optical path in the specimen will appear 
bright against a darker background. 
The image is thus similar to a dark field 
image. While such an objective could 
be easily produced, investigation has 
disclosed no great advantage to the 
microscopist of such an approach over 
other available means of observation. 
Since most microscopic specimens 
exhibit irregular structure, the dif- 
fraction spectra are not clearly defined, 
and the direct image of the illuminating 
source, only, is sharply defined. This 
direct light, in addition, is much more 
intense than the diffracted light. 


Metallic 
Absorbing Film 


Since the direct light always com- 
pletely participates in the image forma- 
tion, its intensity would tend to over- 
balance that from the weaker, second- 
ary diffraction maxima. The relative 
distribution of light between these two 
determines the amount of contrast 
available. To compensate for this un- 
balanced distribution of light, a metal- 
lic absorbing film is combined with the 
phase element to reduce the intensity 
of the direct light. This absorption 
tends to equalize the intensities of the 
two interfering beams and thus in- 
creases the sensitivity of contrast by 
permitting the weak diffracted orders 
to effect a proportionately greater in- 
fluence. If the direct beam is not 
sufficiently dampened (inconel deposit 
on the phase annulus) to equalize its 
brightness with that of the diffracted 
beam, the two will interfere, but there 
will be an excess of light in the direct 
beam beyond that necessary for the 
interference process. That direct light 
will dilute image contrast. If it is ex- 
cessive, regular bright field microscopy 
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results. The diffracted beam would be 
drowned out. Similarly, if the dif- 
fracted beam is out of balance, the 
image will be devoid of contrast. The 
latter results if the inconel deposit be 
made opaque and the diffracted beam, 
only, proceeds to the image plane. It is, 
therefore, obvious that by varying the 
transmission of the annulus, there can 
be produced, at will, the complete 
e from no contrast all the way to a 
pseudo dark field. The best contrast 
somewhere in between is that giving a 
gradation of darkness for the various 
degrees of densities within the speci- 
men. Bright field gives no contrast at 
all unless the specimen is thick or 
absorbs strongly, and dark field gives 
the extreme black and white contrast 
occluding everything in between. 


Transmission Coating 
Carefully Chosen 


The choice of the balancing inconel 
transmission coating is therefore a 
delicate one, and it has been carefully 
studied. Assuming that the specimen 
is nearly transparent in bright field 
illumination, the determination of the 
transmission is contained in our 
Bausch & Lomb objectives. If, how- 
ever, the specimen absorbs strongly in 
certain areas, a different balance would 
have to be established. But, in that 
case, the specimen absorption in itself 
produces contrast. The phase acces- 
sories increase contrast in the non- 
absorbing sections of the specimen, 
yielding a desired contrast balance. 

Theoretically, monochromatic light 
of the same wavelength used for the 
original calibration, should be used 
when working with phase accessories, 
if the full phase shift effect is to be 
realized. It is for this reason that green 
filters are made available with the 
Bausch & Lomb Phase Contrast Acces- 
sories. The one-quarter wavelength 
phase shift produced by the B&L 
accessories is calculated in the green 
portion of the spectrum. Use of other 
wavelengths will not produce the same 
degree of phase shift. If the micro- 
scopist chooses to use white light, ex- 
tinction by interference will not be 
complete for all colors, since the speci- 
men detail does not exert the same 
phase altering power for all colors. 
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PHOTOMICROGRAPHS 
With B&L Phase Contrast Accessories 


PARAMECIUM 

Showing contractile vacuole expanded. Original 
magnification, 430 X. 
10 SPERMATOZOON, HUMAN 

Head, neck and tail are plainly seen. Original 
magnification, 970 X. 
W MITE 

Unstained, whole mount of Demodex folliculorum 
follicle mite) from dog. Mounted in balsam. 

riginal magnification, 300 X. 
12 SARCOMA CELL, HUMAN 

In tissue culture. Reticular cell sarcoma. Original 
magnification, 430 X. 


MOUTH EPITHELIUM 

Nuclear detail is well shown under phase con- 
trast. Original magnification, 430 X. 
14 BLOOD VESSEL, RAT 

Cross section. The elastic fibre appears white with 
phase contrast. Original magnification, 300 X. 
15 ADIPOSE TISSUE, RAT 

Fat has been removed by dehydrating and clearing 
agents, but the protoplasmic envelopes and nuclei 
remain. Original magnification, 300 X. 
16 URINE 

Sediment from centrifuged specimen. Phase con- 
trast permits differentiating between types of epi- 
thelium and casts, and detecting presence of pus 
cells and bacteria. Original smagniheation, 300 x. 


HE MICROSCOPIST has always 

had difficulty in observing specimens 
that were colorless and differed little in 
optical path (refractive index X thick- 
ness) from their surroundings. In an 
effort to improve this condition the 
mineralogist and chemist make use of 
mounting media of lower or higher 
indices, giving contrast to the prepa- 
ration with reference to its backgound. 

Bright-field and dark-field illumina- 
tion are employed, or polarized light 
in the case of double refracting mate- 
rial, Although these methods greatly 
improve the over-all contrast between 
the preparation and the mounting 
medium, they fail for the most part to 
produce contrast within the specimen. 

The biologist, in studying living 
cells, is much more limited in his 
choice of methods. The mounting 
media must necessarily be body fluids 
or other isotonic solutions, that will 
not cause shrinking or dissolution of 
the cell protoplasm or permit its escape 
from the cell. 

Unfortunately, all liquids having 
these characteristics are of low index, 
slightly above water, and so close to the 
index of most cell constituents that 
there is little contrast between the 
specimen and the mounting medium. 


The preferred method for living cells 
has been the use of non-toxic dyes 
commonly termed “vital dyes.” This 
method of staining is often difficult 
and time consuming, and the number of 
structures of protoplasm that will stain 
by ‘“‘vital dyes” is very limited. 

Where dyes are of little or no value, 
the biologist has resorted to the out-of- 
focus image. For example, if a living 
epithelium cell from the mouth is 
examined in saliva at slightly above a 
good focus, structures such as the 
nucleus and certain cytoplasmic gran- 
ules of higher index appear bright. 
Conversely, cell structures that have a 
lower index appear dark. 


Phase microscopy allows us to ex- 
amine such differences in index with 
all structures in the cell at exact focus. 
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. Practical Uses of Phase Contrast 


With dark contrast phase objectives, 
objects of greater optical path than 
their surroundings appear dark, while 
those of less optical path present a 
lighter aspect. The effect obtained is as 
if the cell were stained with a dye 
coloring each constituent with an in- 
tensity proportional to its optical path. 


A number of papers have been pub- 
lished on phase contrast microscopy 
and further research will reveal many 
new applications. It is being continually 
demonstrated that it is applicable to the 
examination of all transparent material 
showing slight differences in optical 
path encountered by the _bacterio- 
logist, parasitologist, protozoologist, 
embryologist, histologist, pathologist, 
botanist, chemist, and mineralogist. 

Briefly stated, a few of these applica- 
tions classified by subject follow: 


Biology 


1. The applications of phase contrast 
in biological science are very many, 
especially with reference to the living 
cell. Bacteria in body fluids or cultures 
usually have a higher index than the 
liquid and appear dark on a lighter 
background with dark contrast phase 
objectives. Spores and flagella, difficult 
to demonstrate even in fixed dyed prep- 
arations, can often be observed in 
living bacteria. Spirochetes of the 
mouth and other body fluids usually 
examined in the living state by means 
of special dark-field condensers, or after 
fixation with silver stains, are success- 
fully applicable to the phase method. 


Nuclei, cell granules, and cell walls 
of yeast, mold, and fungi can be ob- 
served with much greater contrast, the 
results dependent somewhat on the 
age and metabolism of the cell. 

Paramecium, amoeba and other pro- 
tozoa can be studied under phase con- 
trast as living cells with detailed visibili- 
ty of such structures as nuclei, food and 
water vacuoles, cilia, and flagella. 
Smears, stretched, teased or macerated 


preparations, and tissue cultures can 
be examined without the use of dyes, 
or, in some cases, to advantage in com- 


bination with vital or supravital dyes, - 


or Feulgen’s stain. 


2. Phase contrast microscopy is be- 
coming increasingly valuable for the 
examination of fixed, stained micro- 
tome sections for increasing the detail 
of structures that are difficult to stain 
or which, dyed, show little differentia- 
tion. It is especially valuable for the 
study of many neurological prepara- 
tions, such as nerve cells, fibers and 
nerve endings, which are usually 
demonstrated by difficult metallic im- 
pregnation methods. 

3. Microincinerated zoological and 
botanical specimens have been very 
difficult to interpret. While the polar- 
izing microscope has been of some 
value in this field of biology, phase con- 
trast microscopy, with and without 
polarized light, is an important addi- 
tional tool. 


Chemistry and Mineralogy 


1. Thin sections of rock containing 
minerals of similar refractive indices 
such as quartz and feldspars are satis- 
factorily examined. 

2. The refractive index of minerals and 
chemicals by the immersion method 
can be more accurately determined. 


3. Inclusions in crystals or particles 
on the surface having a slightly lower 
or higher optical path than that of the 
crystal can be readily observed. The 
degree of purity of a specimen can be 
readily determined. 

4. Phase contrast microscopy can be 
combined with polarized light by using 
either a polarizer or analyzer. Double 
refracting minerals or chemicals that 
are not readily visible at one optical 
orientation can be reoriented by use of 
a circular stage. Reorientation appreci- 
ably increases their visibility. 

For example, a small crystal of 
sodium nitrate in a 1.587 index liquid, 
oriented for that index, would be 
somewhat difficult to see, even with 
phase contrast objectives. However, 
if the crystal be rotated 90 degrees on 
the circular stage for the 1.336 index, 
the difference in index between the 
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specimen and the liquid is such as to 
give very good contrast. Provided the 
specimen and liquid are close in index 
for yellow light, and differ greatly in 
dispersion, “optical dispersion stain- 
ing” results. 


Counting 


1. Particles are necessarily often 
counted in liquids close to the index of 
the particle, such as white blood cells 
in 0.1 N hydrochloric acid. The contrast 
between the cells and liquid is so small 
that the “above-focus’” method pre- 
viously mentioned is often used to 
bring out nuclear structure. 

With phase contrast the nucleus and 
cytoplasm are so well differentiated 
from the background that a differential 
count can be obtained without resort 
to the stained smear method. 


Other applications are the counting 
of red blood cells, blood platelets, 
bacteria, yeast, mold, plankton, and 
dust particles. The rulings on glass 
counting chambers are much more 
visible. They appear bright on a gray 
background somewhat similar to that 
obtained with dark-field illumination. 
2. With non-phase contrast objectives, 
particle aggregates often appear as one 
particle. With phase contrast, aggre- 
gates can very often be separated into 
individual particles, whose boundaries 
or other differentiating characteristics 
are much better shown. 


Miscellaneous 


1. Surface structure of glass and other 
transparent materials, such as fine 
polishing marks and non-homogenei- 
ties, are more readily observed with 
phase contrast than by the usual 
methods. In the case of opaque mate- 
rial or metals, replicas of such surfaces 
may be first prepared and then ex- 
amined with phase contrast objectives. 
2. Textiles and paper products are 
applicable to phase contrast microscopy, 
both from the standpoint of easier 
identification and for dyeing, finishing 
and pigment problems. This method is 
of value for locating voids and fiber 
inclusions, as well as in the study of 
resin and other filler penetration. 
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COMPARATIVE PHOTOMICROGRAPHS 


FELDSPAR 
1 Phase Contrast 2 Bright Field 
Cleavage, perthite and slight alteration in thin sec- 
tion. Grisinal magnification, 430 X. Reduced aper- 
ture in bright field. 


COUNTING 
3 Phase Contrast 4 Bright Field 
Magnesium fluoride particles, indices 1.378 and 1.390 
in isopropyl alcohol, Nd 1.3776. Original magnifica- 
tion, 100X. 


STOMACH, RAT | 
5 Phase Contrast 6 Bright Field © 
Unstained paraffin section of mucous membrane. 
Original magnification, 300 X. Reduced aperture in 
bright field. 


TESTIS, RAT 
7 Phase Contrast 8 Bright Field 
Section showing spermatogenesis. Formalin fixation. 
Mounted in balsam. Original magnification, 430 X. 


Bausch & Lomb Phase Contrast Accessories 
Turret-type Abbe Condenser 


IMPLICITY, convenience and effi- 

ciency are the outstanding charac- 
teristics of the Bausch & Lomb Turret- 
type Abbe Condenser Phase Contrast 
Accessories. Users enthusiastically en- 
dorse the Bausch & Lomb policy of 
designing this equipment so that its 
successful use requires few variables. 


Simplified Equipment 


The complete equipment consists of: 
1) An assembly of condenser, with iris 
diaphragm, in stationary stage, and 
rotatable changer containing four dia- 
phragm stops with annular rings, one 
for each objective, and one free aper- 
ture for bright field use; 2) Four objec- 
tives with phase altering patterns in 
the rear focal planes; 3) Auxiliary tele- 
scope; 4) Green filter; 5) Shillaber’s oil. 

Any B&L laboratory microscope 
having a rack and pinion substage can 
be employed. No fuss or bother is en- 
tailed in mounting the changer. 


The Illustrations 
Page 10 (At the left) 


The Turret-type Condenser Accessories on Bausch 
& Lomb Model CTA Binocular Microscope. 


Page 11 (Below) 

Left: The i ee accessories in the leatherette- 
covered case. These can be ordered complete as 
shown, with the four objectives. In case less than 
the full complement of objectives is desired the 
basic items, as a group, and only such objectives 
as are wanted can be ordered individually. 
Right: The complete equipment less immersion 
oil and case. 


Objectives 

The Phase Contrast Objectives are 
fitted with standard Society threads and 
screw into the nosepiece exactly the 
same as do the conventional type. 
Available in 16mm, 8mm, 4mm, and 
1.8mm, they give magnifications of 
10X, 21X, 43X, and 97x, (oil im- 
mersion). 


Telescope 

For pre-use centration of the con- 
denser diaphragm image and the phase 
altering pattern of the objectives an 
auxiliary telescope is supplied. This ad- 
justment for concentricity of the two 
rings is quickly effected by means of 
two knurled thumb screws in the 
turret-type condenser. 


Only Three Operations 


Full operating instructions are fur- 
nished with each set of accessories. 


Briefly, there are but three simple, 
quickly performed steps: 1) Turn the 
proper objective into the optical path 
by rotating the nosepiece; 2) Rotate the 
turret until the corresponding annular 
stop is in the optical axis, (There is a 
window opening in the condenser stage 
through which numbers indicative of 
the magnifications of the corresponding 
objectives appear); 3) Center the con- 
denser diaphragm image and the phase 
altering pattern by using the auxiliary 
telescope in place of the eyepiece. 


Separate Stands Available 

Many users have found that it is 
necessary to keep a microscope for 
phase contrast work exclusively. There- 
fore, two types of stands, monocular 
and binocular, are listed on page 14. 
On these stands can be placed the B&L 
Phase Accessories, giving the purchaser 
the widest possible choice. 


SPECIFICATIONS 


Description 


Catalog No. 


Rotatable, turret-type changer, with four annular stops and one free opening; 


iris diaphragm; Abbe 1.25 N.A. condenser; centering telescope; and green 


filter; one dispensing oil bottle; in case. 


31-58- 


PHASE CONTRAST OBJECTIVES 


Select one or more 


97 X, 1.8mm, 1.25 N.A., oil immersion, 
43K, 4mm, 0.65 N.A. 

21x) 8mm, 0.50 N.A. 

10X, 16mm, 0.25 N.A 

For basic items under catal 


31-10-70-02 
99-01 


g - and one of each 0: 
jectives, 31-10-99-01, 31-10-97-01, 31-10-92-01, 31-10-70-02 order 


Bausch & Lomb Phase Contrast Accessories 
Individual Annular Stop Type L.W.D. Condenser 


NSWERING an insistent demand 

for a condenser for phase contrast 
examination of tissue cultures in flasks 
or chambers, Bausch & Lomb has de- 
signed the Individual Annular Stop 
L.W.D. (Long Working Distance) Con- 
denser Phase Contrast Accessories. 
Utilizing the same “positive” or “dark 
contrast” as do the Turret-type con- 
denser accessories, the L.W.D. group 
follows the proven B&L interpretation 
of Zernike’s theory. And results of the 
use of these accessories have been very 
highly satisfactory. 


For Research or 
Laboratory Instruments 


The condenser has a long working 
distance of from 8mm to 10mm in air, 
allowing examination of cultures under 
natural conditions. This condenser is 
regularly supplied with a dovetail slide 
for fitting to any B&L research type 
microscope with complete centering 
substage. For use on laboratory type 


The Illustrations 

Page 12 (At the left) 

The Individual Annular Stop L.W.D. Acces- 
sories on Bausch & Lomb Model BA Monocular 
Microscope. 


Page 13 (Below) 

Left: Like the Turret-type Condenser Equipment, 
these Individual Annular Stop Type L.W.D. 
Condenser items are packed in a sturdy, leather- 
ette-covered case. 

Right: The complete group less filter, case and 
immersion oil. Basic items are grouped, while 
the objectives and their corresponding annular 
stops are to be ordered individually. 


instruments the slide can be unscrewed 
from the condenser and replaced by an 
iris diaphragm. 


Objectives 

Objectives are the same as are em- 
ployed in the Turret-type accessories, 
lomm, 8mm, 4mm, and 1.8mm— 
magnifications being 10X, 21X, 43x 
and 97 X, respectively. 


Annular Stops 

Individual annular stops are avail- 
able which correspond to the various 
objectives. When stops and objectives 
are ordered together, the annular rings 
in the stops are accurately centered to 
the phase patterns in the objectives, 


and after the original adjustmentrequire 
practically no more centering even with 
frequent change of objectives and stops. 


Simplified Equipment 

Complete L.W.D. equipment con- 
sists of the condenser with two center- 
ing keyheads, centering telescope, 
green filter, dispensing oil bottle, in 
leatherette-covered carrying case, plus 
four objectives and four corresponding 
annular stops. Only such objectives with 
stops as may be necessary need be order- 
ed, but the balance of the equipment 
is required. When advisable to assign 
a special microscope to phase work, 
choice of a binocular or monocular 
stand is explained on the next page. 


SPECIFICATIONS 


Description 


Catalog No. 


Long Working Distance Condenser, mounted on plate for research type sub- 


stage*; centering telescope; and green filter; one dispensing oil bottle; in case 
*Specify if iris diaphragm is wanted in place of research su 


31-58-88-02 
stage plate. 


PHASE CONTRAST OBJECTIVES 


31-10-70-02 
31-10-99-01 
31-10-97-01 
31-10-92-01 


INDIVIDUAL ANNULAR STOPS 
Specify corresponding stop for each objective ordered. 


For objective 


97 X, 1.8mm, 1.25 N.A., oil immersion 
43 X, 4mm, 0.65 N.A 

21, 8mm, 0.50 N.A 

10X, 16mm, 0.25 N.A. 


31-58-94 
31-58-93 
31-58-92 
31-58-91 


Research Illuminator 


daylight filters is included. 


the Research Illuminator. 
The Illustrations 


witi 


the slot in this illuminator. 


Illuminators, Replacements, Stands 


LLUMINATION for Phase Contrast 

Microscopy is no more complicated 
a problem than that presented by 
bright field work. The main require- 
ment, of course, is that the annular 
ring be evenly and adequately lighted. 
Bausch & Lomb offers two illuminators 
which are well suited to this type of 
work—the Research and the Spherical, 
both with 6-volt ribbon filament lamps. 


For either type of Phase Contrast 
Accessories this instrument is highly 
satisfactory—the full aperture of the 
substage condenser is utilized and 
there is an abundance of light on the 
specimen. A set of four neutral and one 


The green filter which is included as 
a part of each type of B&L Phase Con- 
trast Accessories is preferable for the 
reason that the phase shift is calibrated 
in monochromatic light of that wave- 
length. Therefore, a realization of the 
greatest benefits in the phase contrast 
method depends on the green filter’s 
use. This filter fits the filter holder of 


Upper: Bausch & Lomb Research Illuminator 

th water cell and filter holder, and four 
neutral and one ground glass filters. Lower: The 
Spherical Illuminator. A special green filter 
should be ordered as the one regularly supplied 
with the phase contrast accessories will not fit 


Transformers for 115-volt, 60-cycle, A.C., are 
included but not shown in these illustrations. 


SPECIFICATIONS 


Description 


Catalog No. 


ILLUMINATORS 


Spherical Microscope Illuminator with aspheric condenser; blue and ground 
glass filters; 108-w., 6-v., ribbon filament lamp; iris diaphragm; cord; plug; 
and transformer for 115-v., 60-cycle, A. C... 

Green Filter for use in Spherical Illuminator with phase contrast ac 

Research Microscope Tikieninator with corrected condenser; 108-w., 6-v., 
tibbon filament prefocused base lamp; combination filter and water cell 
holder; four neutral and one daylight glass filters, 50mm square; and trans- 


31-33-78-54 


» |. 31-34-54 


former for 115-v., 60-cycle, A. C.; and Pyrex water cell................. 31-33-85-11 
PHASE CONTRAST ACCESSORIES REPLACEMENTS 
WWikattheri isle eRe ett as. is ue’ sas’ riot Shapaaalensiebac ans ge ac spel sail ues mace emtalniaablsty si aoe 42-47-61 
Centering Telescopes oi vs tieas nn crsnaea lan .| 31-50-78 
Shillaber’s Oil, No. 595, in Dispensing Bottle............0...00.00.000055 31-50-95 
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Spherical Illuminator 


Some users prefer the Spherical Illu- 
minator with spherical reflector, and 
aspheric focusable condenser, and it 
does a commendable job in furnishing 
critical illumination for phase contrast. 
This Bausch & Lomb instrument can 
also be used for Koehler illumination 
of the condenser annulus. 


A ground glass, as well as a blue 
filter, is included and, while the 50mm 
square green filter regularly supplied 
with the B&L Phase Contrast Acces- 
sories will not fit the filter slot of this 
Spherical Illuminator, there is one 
listed in the specifications which should 
be ordered for this instrument. 


Microscope Stands 


In order to enable the purchaser to 
exercise the widest latitude in the 
choice of his Phase Contrast Micro- 
scope, Bausch & Lomb supplies two 
microscope stands with eyepieces but 
less objectives and substage condensers. 

The binocular stand, CTA, is shown 
on page 10 carrying the Turret-type 
Condenser Accessories, while the mon- 
ocular type, BA, appears on page 12, 
fitted with the Individual Annular 
Stop L.W.D. Accessories. However, 
either stand will accommodate either 
group of accessories. 


SPECIFICATIONS 

BA Stand, vertical monocular body tube, 
39mm diameter; with 10 Huygenian eye- 
piece; standard B&L rack and pinion coarse 
adjustment; B&L patent, lever type, side fine 
adjustment; rack and pinion substage with full 
360° ring mount for carrying B&L phase con- 
trast condensers; revolving, dustproof, click 
stop, quadruple nosepiece; mirror and fork 
mount; alcohol- and reagent-resistant black 
finish; chromium plated exposed metal parts; 
in hardwood carrying case with lock ai key; 
GatalO RNG. aie ane ca ora ors eaves oes 31-21-55 

CTA Stand, interchangeable, inclined bin- 
ocular body with parallel eyepiece tubes; paired 
10 Huygenian eyepieces; standard B&L 
rack and pinion coarse adjustment; B&L pat- 
ent, ball bearing side fine adjustment; rack 
and pinion substage with full 360° ring mount 
for carrying B&L phase contrast condensers; 
revolving, dustproof, click stop, quadruple 
nosepiece; mirror and fork mount; alcohol- 
and reagent-resistant black finish; chromium 
plated exposed metal parts; in hardwood 
carrying case with lock and key; Catalog No. 
sires im agepasm atm aroLatareree Ase apes adn spared Jt 31-21-88 
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TERMS AND 


CATALOG NUMBERS 


When ordering, be sure to give catalog number and name of item. 


FINANCIAL STANDING 
To avoid delay, a purchaser with whom Bausch & Lomb has not 
previously transacted business should accompany his first order with 
commercial references or remittance in cash. 


TRANSPORTATION CHARGES 

Unless otherwise stated on a B&L quotation, all consumer purchases, 
except repairs, will be shipped transportation charges prepaid to any 
point within Continental United States of America. Other-than- 
consumer purchases, all repairs, and goods for delivery outside the 
above specified area will be shipped f.0.b. Rochester, N. Y., U. S. A. 
The shipping charges on products sent on memorandum are not 
prepaid. There is no charge for packing unless otherwise stated. 
Products made on special order cannot be forwarded C. O. D. 


SHORTAGE OR DAMAGE 

To avoid error, Bausch & Lomb exercises the utmost care in check- 
ing and packing all shipments. All packing should be carefully 
examined for small items. If a discrepancy is found, report it to 
Bausch & Lomb immediately. Report to the transportation company 
at once any claim for loss, damage or breakage. Carriers are re- 
sponsible for loss or damage to goods in transit. When shipping 
container shows damage, do not give a clear receipt, but sign for 
“in bad order’’. Save the container and obtain an inspection report 
from the carrier. 


PROCEDURE 


RETURNING GOODS 
If it is desired to return goods, first send Bausch & Lomb full infor- 
mation by letter. Goods should not be returned for any reason until 
approval for their return has been received from Bausch & Lomb. 
Each item should be plainly tagged with sender’s name and address, 
Identification tags will be sent on request. 


ELECTRICAL EQUIPMENTS 
Electrical equipments for use on voltages other than those listed are 
available on special order. Send complete specifications for quotations. 


INQUIRIES 
When writing, please give the date of your order, the Bausch & Lomb 
order number which appears on the packing slip and, if possible, 
the Bausch & Lomb invoice number. 
PRICES 
Prices are subject to change without notice. Orders are subject to 
acceptance at Rochester, N. Y., U. S. A., at prices prevailing at time 
of shipment. Orders for standard items may be cancelled if not wanted 
because of price advance. Excise taxes or other governmental charges 
will be added wherever applicable. Shipments to points outside 
Continental United States of America and to its territories, depen- 
dencies and possessions, except Hawaii and Alaska, are not subject 
to excise taxes. Delivery dates are estimated and cannot be guaranteed. 
DESIGN CHANGES 
Bausch & Lomb reserves the right to make changes in instrument 


design in accordance with scientific progress, and to supply apparatus 
resultingly different from that described or illustrated in its literature. 


BAUSCH & LOMB OPTICAL CO. 


Rochester 2, New York, U. S. A. 


Bausch & Lomb products can be obtained from the following offices as well as from distributors and dealers in the 
United States and in other principal countries throughout the world: 


Branch Offices and Subsidiaries 


NEW YORK, NEW YORK 


arate sattets ed Bausch & Lomb Optical Co., RCA Building, 30 Rockefeller Plaza 


CHICAGO, ILLINOIS.............. Bausch & Lomb Optical Co., 5 North Wabash Avenue 


SAN FRANCISCO, CALIFORNIA. 
TORONTO, ONTARIO, CANADA... 
MONTREAL, QUEBEC, CANADA... 
LONDON, ENGLAND......... 
RIO DE JANEIRO, BRASIL 

Sao Paulo, Brasil........ 
BUENOS AIRES, ARGENTINA. 
STOCKHOLM, SWEDEN 


. Bausch & Lomb Optical Co., Flood Bldg. 

Bausch & Lomb Optical Co., Ltd., 388 Yonge Street 

Bausch & Lomb Optical Co., Ltd., 1449 St. Alexander Street 

. Bausch & Lomb Optical Co., Ltd., Africa House, Kingsway, W. C. 2 
. Bausch & Lomb do Brasil Ltd., Rua Assemblea, 104-8° Pavt? 
Bausch & Lomb do Brasil Ltd., Rua Libero Badaro, 158-8° 

-Bausch & Lomb Argentina, S. A., 740 Avenida R. Saenz Pefia 
Scent or Aga-Bausch & Lomb, A. B., Malmskillnadsgatan 39 


District Offices 


DETROIT LOS ANGELES 


PHILADELPHIA WASHINGTON 


BAUSCH & LOMB CATALOGS 


TT! Bausch & Lomb Optical Company manufactures many types of optical equipment not 


listed in this catalog. If you have a special optical problem, it is probable that an instrument 


of standard manufacture can be adapted to your use at moderate cost. New instruments are 


being developed continually to handle unusual problems. Below are listed some of the many 


Bausch & Lomb Products in regular production. Send for literature on lines that interest you. 


Microscopes and Accessories 


Chemical Microscopes 

Dairy Microscopes 

Dark Field Optical Systems 
Euscopes (Exton) 

Fluorescence Microscope Accessories 
Food Inspection Microscopes 
Haemacytometers 

Laboratory Microscopes 
Metallographic Microscopes 
Micro-Projectors 

Microscope Accessories 

Microscope Iluminators 

Microtomes 

Mold Count Microscopes 
Petrographic Microscopes 

Phase Contrast Microscope Accessories 
Photomicrographic Cameras and Accessories 
Polarizing Micrascaties 

Research Microscopes 

Shop Microscope 

Toolmaker’s Microscope 

Vertical Iluminators 

Wide Field Stereoscopic Microscopes 


Instruments for Measuring 
Optical Properties 


Abbe and Dipping Refractometers 
Colorimetric Apparatus 
Opacimeter 

Polariscope 

Precision Refractometer 
Saccharimeters 

Spectrographs 

Spectrographic Equipment 
Spectrometric Equipment 
Spectrophotometers 


Instruments for Photogrammetry 


Autofocus Rectifier 
Metrogon Lenses 
Multiplex Equipment 


Projection Equipment 


Cinephor Projection Lenses 

Contour Measuring Projectors 

Micro-Projectors 

Projection Apparatus (Balopticons and 
Accessories) 

2” x 2” Slide Projector 

Super-Cinephor Projection Lenses 


Ophthalmic Products 


Binocular Ophthalmoscope 

Clason Visual Acuity Meter 

Compact Acuity Projector 

Diagnostic Instruments 

Ferree-Rand Perimeter 

Greens’ Refractor 

Keratometer 

Occupational Vision Service (Ortho-Rater) 
Ophthalmic Hydraulic Chair and Unit 
Optical Laboratory Equipment 
Orthogon ‘‘Wide Vision”’ Lenses 
Orthogon Test Lens Set 

Panoptik Bifocal Lenses 

Poser Slit Lam 

Ray-Ban Sun Glasses 

Safety Eyewear 

Spectacle Frames, Mountings, and Cases 
Universal Slit Lamp 


Miscellaneous 


Binoculars 

Finger Print Magnifier 

Magnifiers and Readers 

Micro Tessar Lenses 

Optical Glass 

Photographic Lenses 

Searchlight Reflectors 

Special Lenses, Prisms, and Reflectors 

Spotting Scopes for Riflemen 

*Taleseores 

Optical Instruments for Crime Detection—Glass 
Control — Metallography — Metal Working — 
Ceramic Research—Textile Inspection—Chem- 
ical Determination—Food and Drug Manufac- 
ture—Paper Makers—Paint and Varnish Makers 


Glass to meet the exacting specifications for all types of scientific instruments is made in the 
Bausch & Lomb Glass Plant, the largest optical glass plant in America. 


Orthogon “wide vision” eyeglass lenses, designed by the Bausch & Lomb Scientific Bureau, 


afford perfect correction from center to edge. 
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